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A B S T R A C T
Objectives: The value of non-bone microbiological cultures in the diagnosis of osteomyelitis with sinus
tract is not clear. We aimed to establish the concordance between deep sinus tract cultures and bone
cultures in cases of osteomyelitis with a cutaneous ﬁstula.
Methods: This was a non-randomized, prospective diagnostic trial at the Orthopedic Service of the
University Hospital of Geneva. Each patient with osteomyelitis with a cutaneous sinus tract had four
microbiological samples taken: two consecutive sinus tract cultures with bone contact at different times
(samples A-1 and A-2), surgical bone biopsy performed through the sinus tract (sample B), and a surgical
bone biopsy performed through an uninfected area outside the sinus tract (sample C), the latter
considered as the ‘gold standard’.
Results: One hundred and forty-one patients with 154 episodes of osteomyelitis were included in the
study. When both sinus tract cultures yielded the same microorganism (86.4%), the concordance
between both samples A and sample C was 96%. In the case of identical sinus tract culture infections,
sensitivity was 91%, speciﬁcity 86%, and accuracy 90%. The accuracy in monomicrobial infections (50%)
was higher than in polymicrobial infections (94.3% vs. 78.9%, respectively; p = 0.02).
Conclusions: In cases of monomicrobial osteomyelitis with sinus tract, two concordant tract cultures
with bone contact accurately predict the pathogen.
 2009 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
International Journal of Infectious Diseases
journa l homepage: www.e lsev ier .com/ locate / i j id1. Introduction
The correct identiﬁcation of the causative pathogen and its
antibiotic susceptibility is crucial for appropriate antibiotic
therapy in the treatment of osteomyelitis.1 A culture of infected
bone represents the gold standard,1–6 but usually necessitates a
surgical biopsy, which is resource-consuming, requires anesthesia
and an available operating room, and is associated with a non-
negligible potential for adverse events.7 Superﬁcial wound
swabbing has been proven inadequate for predicting the infecting
microorganisms.1,4,6 Needle bone biopsy performed through a
sinus5,8 may contaminate the bone from the superﬁcial wound.
Our objective was to assess the accuracy of two consecutive
deep sinus tract cultures with bone contact in predicting the
pathogen of osteomyelitis with cutaneous sinus tract.§ This paper was presented in part as a poster at the 47th Interscience Conference
on Antimicrobial Agents and Chemotherapy, Chicago, USA, September 2007.
* Corresponding author. Tel.: +41 22 372 9844; fax: +41 22 372 3987.
E-mail address: Ilker.Uckay@hcuge.ch (I. Uc¸kay).
1201-9712/$36.00 – see front matter  2009 International Society for Infectious Disea
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2.1. Setting
The University Hospital of Geneva is a 2200-bed tertiary care
hospital with 47 000 annual admissions and serves a population of
800 000 persons. The Orthopedic Clinic has 119 acute care beds, 22
in the septic orthopedic ward, and performs roughly 5000
operations per year.
2.2. Population and study design
During a three-year period all adult patients undergoing
surgery for osteomyelitis with a sinus tract were enrolled in a
prospective non-randomized protocol. The only inclusion criterion
was conﬁrmation of osteomyelitis by histological and microbio-
logical specimens from a surgical bone biopsy. In episodes lacking
histology, osteomyelitis was conﬁrmed by radiology, history, and
microbiology. The patients were permitted to be on antibiotic
therapy. Exclusion criteria included the absence of surgery for
clinical cure or patient refusal.ses. Published by Elsevier Ltd. All rights reserved.
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Each patient included in the study had four microbiological
samples taken: sample A-1: a deep sinus tract culture with bone
contact; sample A-2: another deep sinus tract culture imme-
diately after sample A-1 at the same localization as A-1; sample
B: surgical bone biopsy through the sinus tract; sample C:
surgical bone biopsy through a clinically uninfected area
outside of the sinus tract, from a distance of 2–4 cm. For
samples A-1 and A-2, the sinus oriﬁce was cleaned with 0.9%
sodium chloride and sterile cotton swabs were inserted into the
sinus until contact with bone. The surface was swabbed.
Aspiration of any other region of the sinus tract was avoided.
This procedure was performed on the septic orthopedic ward. In
contrast, the specimens for samples B and C were obtained
during surgery without prior antibiotic prophylaxis, unless the
patient was currently on antibiotic therapy. When the patho-
gens from the two samples A were identical they were
considered concordant.
The same nurse and orthopedic surgeon obtained all samples.
The specimens were immediately inoculated in a transport
medium (Amies, Copan Diagnostics, Italy), transported to the
microbiology laboratory within a maximum of 30 min, and
secondarily cultured on brain–heart infusion broth and CDC-
based sheep blood agar plates with standard aerobic and
anaerobic methods.9 Bone samples were crushed with sterilized
surgical instruments. The incubation for anaerobic cultures
was for one week in evacuation replacement incubators
(Anaerobic Incubators, Scholzen Microbiology Systems AG,
Switzerland). The laboratory staff were unaware of the patients’
participation in the study. Since the prevalence of tuberculosis is
minimal in Switzerland,10 routine mycobacterial specimens
were not taken. Each isolate was monitored for antibiotic
susceptibility by disk diffusion (Sirscan I2A, Perols, France).
Pathogens were identiﬁed with the Vitek ID system and results
were interpreted according the Clinical and Laboratory Stan-
dards Institute recommendations.9
2.4. Statistical analysis
Sample C was taken as the ‘gold standard’. The sensitivity,
speciﬁcity, positive and negative predictive values, and accuracy
to detect responsible pathogens were calculated for sample A-1
alone, sample A-2 alone, sample A-1 and sample A-2 together,
and sample B. The results were stratiﬁed by key variables. The
Chi-square test or Fisher’s exact test was used for comparison of
proportions. The Student’s t-test was used to compare para-
metrically distributed means. For non-parametrically distribu-
ted means, the Mann–Whitney U-test and Wilcoxon signed rank
tests were applied. A two-tailed p-value of <0.05 was
considered as statistically signiﬁcant. Calculations were com-
puted using the SAS package (v. 6.12, SAS Institute Inc., Cary, NC,
USA).Table 1
Comparison of tract sampling with the ‘gold standard’ of bone sample
Sample No. of
episodes
Sensitivity Speciﬁcity
A-1 150 0.874 0.667
A-2 148 0.902 0.722
A discordant 21 0.881 0.649
A concordant 133 0.914 0.857
B 149 0.871 0.788
Sample A-1: deep sinus tract culture with bone contact; sample A-2: another deep sinu
surgical bone biopsy through the sinus tract; sample C: surgical bone biopsy through3. Results
3.1. Population and osteomyelitis episodes
A total of 173 patients participated in the study. Thirty-two
patients did not have two consecutive A-1 and A-2 samples and
were therefore excluded, leaving 141 patients with a total of 154
osteomyelitis episodes. There were 86 men and 55 women with a
mean age of 67 years (range 23–96 years, standard deviation (SD)
17.1). Osteomyelitis was conﬁrmed histologically in 140 episodes,
and no specimen showed granuloma formation or neoplasm.
Sixty-four (45.4%) patients were diabetic. Orthopedic implant
material was present in 43 episodes (27.9%). The sites of infection
were divided into groups of ‘toe’ (n = 73, 47.4%) and ‘other’,
including the hip (n = 27, 17.5%), foot (n = 25, 16.2%), leg (n = 23,
14.9%), and other sites (n = 6, 3.9%). The mean duration between
onset of sinus tract and admission was 24.6 days (range 0–300
days, SD 32.3). In 67 episodes (43.5%), the patients were already on
antibiotic therapy, with an average duration of 10.7 days (SD 10.6
days). Among the 154 treated osteomyelitis episodes, only four
(2.6%) recurred over a follow-up period of up to three years,
suggesting that our chosen antibiogram-based antibiotic treat-
ment correctly targeted the causative pathogen.
3.2. Characteristics of samples A-1, A-2, and B
Table 1 summarizes the sensitivity, speciﬁcity, positive pre-
dictive value and negative predictive value in concordant or
discordant samples. The diagnostic accuracy of two consecutive
sinus tract cultures with bone contact in predicting the causative
organism of biopsy-proven osteomyelitis was 94.3% for mono-
microbial infections and 78.9% for polymicrobial infections. In the
case of identical A-1 and A-2 samples (133 episodes, 86.4%),
microbiological concordance to sample Cwas 96%. Table 2 presents
the accuracies of samples A-1, A-2, and B compared to those of
sample C, stratiﬁed by presence or absence of diabetes mellitus,
infection site, and concomitant antibiotic treatment.
3.3. Microbiology
Cultures from sample C specimens yielded 77 monomicrobial
episodes (50%) and 47 polymicrobial episodes (30.5%, with a range
of 2–5 pathogens). In 30 episodes (19.5%), there was no growth.
The pathogens (188 isolates) were: Staphylococcus aureus (n = 54;
19 methicillin-resistant), Enterobacteriaceae (n = 37), Streptococcus
sp (n = 35), coagulase-negative staphylococci (n = 23), Pseudomo-
nas aeruginosa (n = 16), other aerobic (n = 14), and anaerobic
bacteria (n = 9). The number of identiﬁed isolates between the
samples was practically equal. Cultures from all A-1 samples
resulted in a mean number of 1.23 identiﬁed isolates (SD 0.96),
from A-2, 1.25 isolates (SD 0.95), from B samples, 1.22 isolates (SD
0.95), and from all C samples 1.22 pathogens (SD 0.92). The p-
values of the Chi-square tests comparing A-1, A-2, and B to samplePositive
predictive value
Negative
predictive value
Accuracy
0.882 0.650 0.799
0.910 0.703 0.825
0.881 0.649 0.779
0.960 0.727 0.902
0.935 0.634 0.825
s tract culture taken at a different time at the same localization as A-1; sample B:
a clinically uninfected area outside of the sinus tract, from a distance of 2–4 cm.
Table 2
Accuracy of tract sampling with the ‘gold standard’ of bone sample. Results
stratiﬁed by key variables
Stratum A-1 A-2 B A-1 and A-2
together
Diabetes mellitus
Yes 74.3% 77.1% 82.8% 90.7%
No 84.5% 86.9% 82.1% 89.9%
p-Value 0.16 0.14 0.95 0.95
Osteomyelitis site
Toe 76.7% 78.1% 82.2% 89.8%
Other 82.7% 86.4% 82.7% 90.5%
p-Value 0.42 0.21 0.95 0.95
Concomitant antibiotics
Yes 79.1% 79.1% 82.1% 91.1%
No 80.5% 80.1% 82.8% 89.6%
p-Value 0.84 0.39 0.95 0.95
Mono- vs. polymicrobial
Monomicrobial 87.0% 88.3% 92.2% 94.3%
Polymicrobial 63.8% 70.2% 63.8% 78.9%
p-Value <0.01 0.02 <0.01 0.02
Sample A-1: deep sinus tract culture with bone contact; sample A-2: another deep
sinus tract culture taken at a different time at the same localization as A-1; sample
B: surgical bone biopsy through the sinus tract; sample C: surgical bone biopsy
through a clinically uninfected area outside of the sinus tract, from a distance of 2–
4 cm.
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and false-positive rates of non-surgical sampling compared to
bone biopsy specimens, stratiﬁed by frequent bacterial species of
osteomyelitis.1
4. Discussion
We have demonstrated that two concordant deep sinus tract
cultures with bone contact predict the causative pathogen in
monomicrobial osteomyelitis inmore than 90% of cases, at least for
Gram-positive organisms that predominate in bone infections.1
Furthermore we hypothesize that the bacteria in the deep sinusTable 3
False-positive and negative rates of non-surgical bone samples in 154 episodes of prov
A-1 A-2
False-negative False-positive False-negative Fal
MSSA (n=35) 2.6% 7.9% 5.4% 5.4
MRSA (n=19) 4.8% 9.5% 0% 5.0
CoNS (n=23) 16.0% 8.0% 7.4% 14.
Streptococcus sp (n=35) 12.5% 12.5% 10.3% 10.
Pseudomonas aeruginosa
(n=16)
5.9% 5.9% 5.9% 5.9
Enterobacteriaceae (n=37) 4.9% 9.8% 4.7% 14.
Anaerobic bacteria (n=9) 50% 10% 27.3% 18.
MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staph
Table 4
Concordance of sinus tract cultures to bone biopsy cultures. Selected publications with
Publication [ref.] N Method Bone swab Co
Mackowiak et al., 1978 [2] 40 Retrospective Not reported 44
Perry et al., 1991 [8] 60 Prospective No 90
Patzakis et al., 1994 [14] 30 Prospective Yes for 57% >
Mousa, 1997 [16] 55 Prospective Not reported 89
Zuluaga et al., 2002 [12] 50 Retrospective Not reported 28
Agarwal et al., 2005 [13] 62 Prospective Not reported 47
Onuminya, 2006 [15] 25 Prospective Not reported 74
Present article 141 Prospective Yes 96
N=number of patients; bone swab= culture of sinus tract swabbing with bone contact
a Monomicrobial cultures.tract originate from the bone infection itself and have shown that
an intra-operative bone biopsy through the sinus tract is not
superior to deep sinus tract sampling by experienced personnel on
the ward. And ﬁnally, sinus tract specimens do not necessarily
grow more pathogens than bone specimens.
In our opinion, the accuracy of our alternative diagnostic
method may be sufﬁcient for a targeted antibiotic treatment in
situations where bone biopsy is difﬁcult, resource-consuming, or
potentially harmful.11 In no way should these consecutive deep
sinus tract specimens replace bone cultures in situations where a
biopsy can be readily obtained, because bone culture remains the
gold standard for the microbiological diagnosis of osteomyelitis.
Our proposed method is just a possibility in certain circumstances
and is not perfect. For instance, while it revealed a high accuracy
for Gram-positive microorganisms and P. aeruginosa, it also
showed a less accurate performance for Enterobacteriaceae, anae-
robes, and polymicrobial infections.
The established evidence reports that superﬁcial wound or
ulcer swab cultures do not reliably identify bone pathogens.1,4,7,11
In contrast, the accuracy of cultures from a sinus tract as compared
to those obtained from bone specimens remains a subject of
debate. Some authors2,4,12–14 have concluded that sinus tract
specimens are inappropriate to identify the bone pathogen, even
while they admit that repeated sinus tract isolates correlate better
with the bacteriological aspects of chronic osteomyelitis.2 Others
believe that they provide acceptable diagnostic performance8,15,16
(Table 4). Some of the reported trials are retrospective,2,12 while
others have weaknesses such as an absence of histological proof,15
a small number of patients,2,10,14 a mix of acute and chronic
osteomyelitis in unknown proportions,8 use of debridement
material without bone biopsy as the gold standard,8,14 and use
of only superﬁcial sinus tract specimens,8,15 among others
(Table 4).
Of studies attributing a high accuracy to sinus tract cultures,
Mousa reported that a deep sinus tract culture detected all
pathogens of chronic osteomyelitis with a sensitivity of 89% and a
speciﬁcity of 96% as compared to bone biopsy.16 The concordanceen osteomyelitis according to bacterial species
B A-1 and A-2 together
se-positive False-negative False-positive False-negative False-positive
% 5.6% 2.8% 0% 5.6%
% 5.0% 5.0% 3.0% 3.0%
8% 17.2% 20.7% 5.3% 0%
3% 10.0% 10.0% 11.5% 3.8%
% 0% 5.9% 6.7% 0%
0% 0% 11.9% 2.8% 11.1%
2% 44.4% 0% 40% 0%
ylococcus aureus; CoNS, coagulase-negative staphylococci.
references
ncordance Remarks
% -
%a Only post-traumatic/postoperative patients. Mostly superﬁcial
tract specimens
47% Only trauma patients. Mostly polymicrobial infections
% Only 20% concordance for Staphylococcus epidermidis
% 84% trauma patients
% Patients with implant material excluded. Adults and children
%a Mostly pediatric patients. No anaerobic cultures
%a
.
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bial ones (71%), a ﬁnding supported by our results and those of
others.8,15 Although rather superﬁcially performed, Perry et al.
demonstrated that sinus tract swabbing identiﬁed S. aureus in 87%
of cases, and had an accuracy of 90% formonomicrobial infections.8
Onuminya reported that sinus tract and bone cultures from
pediatric patients yielded 74% concordance in monomicrobial
infections.15 In contrast, Zuluaga et al. found only a 28%
concordance between sinus tract and bone cultures in a population
of 84% trauma patients with a majority of polymicrobial
infections.12
The strength of our study lies in the larger sample size, the
prospective design, the minimal sampling bias by designation of
the same nurse and surgeon throughout the study period, the very
short time delay between bone and sinus tract samplings, and the
direct sampling on the bone surface. Further trials are needed to
conﬁrm the accuracy we have obtained before the implementation
of such sinus tract cultures in clinical care is accepted as routine
treatment, and not simply a tool to use when surgical bone biopsy
is considered to be difﬁcult.
Our study also has some limitations. (1) The low incidence of
anaerobic pathogens, which might have been due to the transport
medium. Instead of directly inoculating aspirated specimens into
blood culture bottles, we transported them to the laboratory for
inoculation during a second step, and thus there may have been a
loss in sensitivity. However, anaerobic osteomyelitis is rare1,4,7,11–
17 and most anaerobes remain susceptible to those antibiotics
currently used against aerobic bacteria.1,18 (2) Concomitant
antibiotic therapy, as in our population, could theoretically
decrease the accuracy of the comparison of bacterial cultures.
Concomitant antibiotic medication can often not be avoided, since
this is part of the clinical reality. To counter this argument, the
concordance between bone and sinus tract specimens in our study
did not appear to be affected by concomitant antibiotic exposure,
which has also been noted by other authors.12 (3) A signiﬁcant
proportion of our caseswere toe infections. Usually, this represents
contiguous osteomyelitis with no sinus tract per se. However,
accuracy was not different between the group of patients with toe
infections and other types of osteomyelitis (Table 2).
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